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The  recent  use  of  litmus  as  a  vital  stain  for  mammals  (1-3) 
has emphasized the need for a  more precise knowledge of the nature 
of this dye.  We  have  therefore  undertaken  the  separation  and 
investigation of the coloring matters  comprised in  commercial litmus 
with special reference to their use as vital stains. 
Rous  (1-3)  has described in detail the character of the staining obtained in 
rats and mice after intraperitoneal injections  of litmus solutions.  The an{reals 
tolerate the dye, which colors them markedly, and they may remain stained for 
many weeks.  Some of the tissues are colored diffusely, while the hue of others 
is traceable  to an intracellular  segregation of pigment.  The observed differences 
in hue at different situations has great interest since they may be taken to indicate 
local differences in reaction. 
The material  used by Rous  was prepared  from Kahlbaum's cube 
litmus  by  extraction  with  hot  water,  treatment  with  acetic  acid, 
and precipitation with alcohol, according to a method given by Sutton 
(4), similar to one originally described by Mohr  (4-6).  It contained 
therefore, according to the statements in the literature, at least three 
important  dyes:  erythrolitmin, azolitmin,  and  erythrolein. 
As early as 1840, Kane (7-10) isolated  from  commercial  litmus  four  con- 
stituents: azolitmin,  erythrolitmin,  erythrolein,  and  spaniolltmln.  He  con- 
sidered the two first mentioned to be the essential colorimg matters of the indi- 
cator.  From time to time other authors have reported the isolation of slightly 
different pigments,  Wartha (11-13) finding what he termed indigotin, and Scheitz 
(12, 13) a blue coloring matter distinct from azolitmin.  On the whole, however, 
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workers agree that azolitmin  and erythrolltmin are the chief sensitive indicator 
substances  present  in  commercial  "litmus,"  that  erythrolein,  a  relatively in- 
sensitive indicator pigment, is always present, while very rarely spaniolitmln is 
to be found as well, which  last can be distinguished  from azolitmin  only with 
great difficulty. 
Preparation of "Whole Litmus" from Crude Litmus Cubes. 
Nearly  all of the methods  employed for the purification of litmus 
eliminate from the crude material merely its grosset impurities, notably 
gypsum.  They  yield a  substance  applicable to  chemical  needs  but 
too complex for physiological experiments.  The final product of the 
method of 1V[ohr (5, 6), or of the procedures given in standard  texts 
on analytical chemistry (4,  14), which we shall term "whole litmus," 
has been repeatedly analyzed by us and found to contain, as coloring 
matter, over 90 per cent of erythrolitmin, a little azolitmin, and some 
erythrolein.  There  is  present  in  addition  a  very  small  amount  of 
gypsum.  It was  "whole litmus"  that  Rous  used to  advantage  as  a 
vital  indicator. 
The "whole litmus"  just referred to, while non-toxic when derived 
from  some  commercial  samples,  is  highly  toxic  in  other  instances. 
In  order  to  avoid  the  complication  thus  introduced,  as  well  as  to 
obtain  more precise limiting  conditions,  we have deemed it best be- 
fore passing  to  physiological  studies,  to isolate and  test on  animals 
the  individual  indicator  substances.  After  trying several  methods 
we  have found it best  to  extract the pigments in the  acid  state,  as 
follows. 
Isolation  of the Constituents of "Whole Litmus." 
Kahlbaum's litmus cubes were ground to a fine powder, well extracted with 
hot water,  and the insoluble  matter removed by centrifugation.  The extract 
was  reduced to a  convenient bulk by evaporation, and concentrated HC1 was 
added  drop  by drop  to  decompose  carbonates.  When  the  solution had  just 
turned red, and effervescence had ceased,  the volume was  measured and 4 cc. 
of concentrated HC1 was  added  for each  100  cc.  of extract.  This  was  then 
placed on a water bath for 2 or 3 hours, that is to say until no further precipitation 
occurred.  The whole was poured onto a filter paper and the precipitate washed 
free from acid with hot water and allowed  to dry.  The dried precipitate was 
transferred to an extraction thimble of a  Soxhlet apparatus and extracted with 
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from  the  Soxhlet,  and  extraction continued  with 95  per  cent  alcohol until  the 
alcohol came away colorless. 
In this way three pigments were isolated.  The etherial solution, 
when evaporated, yielded an oily red liquid, erythrolein.  The alco- 
holic solution deposited, on evaporation, a bright red powder, erythro- 
litmin.  The brownish red, insoluble residue which remained in the 
extraction thimble was  azolitmin. 
The erythrolein needed no further treatment.  The filtered alco- 
holic solution of erythrolitmin was removed to  an evaporating dish 
and  carefully  dried,  washed  with  ether  to  remove  any  remaining 
erythrolein,  and  again  dried.  The  azolitmin  residue  was  purified 
by washing, first with ether, then with alcohol, and dried.  Since the 
pigments in  acid state  are insoluble in water,  and moreover, when 
powdered and dried do not keep as well as in the alkaline form, which 
is water soluble, they were converted to the latter.  For this purpose 
thick suspensions were made in  water of the  dried,  powdered pig- 
ments in the acid state.  Sodium hydroxide in normal solution was 
added  until  the  indicator  became  bluish.  The  material  was  then 
evaporated to dryness, and the pigment powdered and kept sealed. 
For the purposes of vital staining 2 to 5 per cent solutions were made 
up fresh when desired in 0.9 per cent sodium chloride solution or in 
water. 
"Whole litmus" was prepared,  according to  the method of Molar 
(6,  14),  and the product, dissolved in 0.9 per cent sodium chloride 
solutibn,  was  also  employed as  a  vital  stain  in  experiments to  be 
described below. 
Characteristics of the Isolated Pigments. 
General Characters.--The physical characteristics,  solubilities,  and 
colors of the pigment substances generally found in litmus, have been 
described in  detail by previous authors  (7,  12,  15).  Erythrolitmin 
andazolitmin are of especial interest to the physiologist for the range 
of color change of these, which is from red to blue, lies within the 
presumptive pH  range  of  many  living  cells.  Erythrolein  changes 
hue much less markedly, merely from red,  on the alkaline side,  to 
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of interest in  that  it  complicates the use of the whole dye, litmus. 
In acid solution both erythrolitmin and azolitmin are a clear crimson- 
red,  in  alkaline  solution  blue.  In  the latter  both are dichromatic, 
being a  dark red-violet in very concentrated solutions. 
Color Intensity.--The  color intensities of erythrolitmin and azolit- 
min  as  prepared  above  are  different.  A  given  amount of erythro- 
litmin will  color a  solution more deeply than will an equal  amount 
of azolitmin.  This  has  been apparent  from comparisons,  in  a  Du- 
boscq  colorimeter, of equivalent concentrations of the two  dyes, in 
the alkaline and acid forms, respectively.  Both dyes had more than 
three times the color intensity of "whole litmus." 
Colorimeter  Readings.  Acid  Form.--Since  the  dyes  are  insoluble 
in water in the acid form, 0.025  per cent solutions in 10 per cent acid 
alcohol  were  compared.  All  the  solutions  were  reddish  orange,  of 
so similar a hue as to afford a good color match. 
Five 0.025  per cent solutions of azolitmin were made from speci- 
mens of the dye, each prepared from a different batch of litmus cubes. 
Read in the colorimeter against one another a noticeable variation in 
color intensity was found, the strongest solution possessing 1.5 times 
the  intensity  of  the  weakest.  Similar  solutions  of  erythrolitmin 
from five specimens of the dye, each from a  different source, when 
compared  with  one  another  showed  as  ~onsiderable  variations  in 
color strength.  A  mixture of equal parts of all  the azolitmin solu- 
tions,  compared with a  similar mixture of all the erythrolitmin solu- 
tions,  showed the color strength of the latter to be  1.39  times that 
of the former. 
Alkaline  Form.--To  study the color intensity of the two  dyes in 
the blue state, comparisons of 0.025  per cent solutions in N/1 NaOH 
were made.  The matching of color intensity was easy, despite the 
fact that the azolitmin was a  slaty blue, and the erythrolitmin more 
azure. 
Five alkaline 0.025  per cent solutions of the five specimens of azo- 
litmin were compared in the colorimeter and so too were similar solu- 
tions of the erythrolitmin specimens.  Of the alkaline azolitmin solu- 
tions  the  strongest  possessed  1.6  times  the  color  intensity  of  the 
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form color intensity was found, the strongest being 1.4 times as in- 
tense as the weakest.  Repeated comparisons of a  mixture of equal 
parts of all the alkaline azolitmin solutions with a similar mixture of 
all the alkaline erythrolitmin solutions showed the erythrolitmin to 
be 1.45 times as strong as the azolitmin in color. 
The Effect of Differing Concentrations of the Dye upon the Color in Vitro. 
Owing  to  their dichromatism the  dyes,  erythrolitmin, azolitmin, 
and  "whole litmus,"  may show colors  varying with the  concentra- 
tion,  a  potential  cause of  error when they are  used  as  indicators. 
The magnitude possible to such an error was investigated by compar- 
ing the colors of solutions of each of these indicators at differing con- 
centrations.  Solutions,  varying in  strength from 0.005 per cent to 
0.05 per cent, were made up in S6rensen's phosphate buffer solutions 
(16) (m/15 primary potassium phosphate KI-I~PO4 and ~/15 secondary 
sodium phosphate Na~HPO4, 2H20),  having a pH range from 5.5  to 
8.04.  In the case of all these indicators the diluted solutions were 
pure blue  at  pH  8.0, but  with  a  tenfold increase in  concentration 
appeared red-violet.  A shift of the red, toward the alkaline side, had 
occurred corresponding to a change of 0.2 to 0.3 pH.  On the acid side 
of the range, however, there was no observed difference in the color 
of the solution with differing concentration. 
The degree of color change with alterations in  the pH  could not 
be so readily determined in extremely concentrated solutions of the 
dye as in dilute solutions,  but it may, of course,  be greater.  In the 
employment of the indicators for tissue study, when they are often 
found  concentrated  in  intracellular  granules,  one  must  take  into 
account possible errors referable to differences in concentration of the 
dye.  For this reason one cannot expect to obtain precise knowledge 
concerning the pH by the use of the dye.  But in  connection with 
this point,--and to anticipate slightly results to be described later,-- 
it may be stated that after injection of the litmus indicators into the 
mammalian body the differences in color of the intracellular granules 
are  so  great  that  differences  in  concentration can  be  but  a  minor 
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Salt and Proteir~ Errors. 
The presence of salt or protein in a solution may so affect the color 
range of indicators that they become of little value for determining 
its  hydrogen  ion  concentration.  The  salt  and  protein  errors  of 
litmus and azolitmin have been studied in the past and found to be 
great (17) ; but the possibility presents itself that these errors may not 
be shared by erythrolitmin, the constituent of litmus employed for 
purposes of vital  staining in  the  studies  to  be  reported in  a  com- 
panion paper.  We therefore determined the magnitude of the errors 
of this dye.  These errors were found to be large.  A specimen proto- 
col follows which illustrates the magnitude of the salt error in solu- 
tions containing differing concentrations of sodium chloride. 
TABLE  I. 
Concentration  of  Apparent pH color  Actual  pH  Difference (salt  error)  NaC1  (clectrometrie) 
p~' CC~t 
.2 
.4 
.8 
1.6 
3.2 
4.8 
7.21 
7.21 
7.21 
7.16 
7.12 
7.08 
6.99 
6.93 
6.85 
6.70 
6.58 
6.41 
.22 
.28 
.36 
.46 
.59 
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Salt Error of Erythrolitmin.--S~rensen's M/100 phosphate buffer solutions were 
prepared, having a pI-I range from 5.5 to 8.34.  To 10 cc. of each in a series of 
tubes of equal bore 0.3 cc. of a 0.1 per cent solution of erythrolitmin was added. 
In a companion series of tubes 5 cc. of ~/50 phosphate buffer of pH 7.0 and 0.3 
cc.  of 0.1  per  cent erythrolitmin solution were placed•  To  each of  this latter 
series  of  tubes sufficient quantities of  sodium chloride in 5  cc.  of  water were 
added to yield 0.2 per cent, 0.4 per cent, 0.8 per cent, 1.6 per cent, 3.2 per cent, 
and 4.8 per cent sodium chloride solutions in the total volume of 10.3 cc.  The 
concentration of buffer in these tubes became therefore like that of the control 
series, ~t/lO0,  and the amount of erythrolitmin present in all was similar.  The 
addition of sodium chloride brought about a  pronounced change of  color,  the 
solutions appearing more blue with each  increase in the salt content, as com- 
pared  with  the  controls.  Electrometric  determinations of  the  hydrogen  ion 
concentration of  all the  solutions were  then made.  As  the  table given below 
shows,  the solutions containing salt appeared bluer, that is to say, more alkaline 
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From this experiment it is obvious that the "salt error" of erythro- 
litmin is large.  It is of importance to note that the error is toward the 
alkaline  side,  that is to say, in the opposite direction from the  error 
of the  phthalein  indicators. 
Protein Error of Erythrolitmin.--Erythrolitmin  shares  also the dis- 
advantage of litmus and of azolitmin in that its protein error is large. 
This, like the salt  error,  causes the indicator to appear more blue in 
a  solution containing protein than it should from the actual hydrogen 
ion  concentration.  For the  experiments  we employed blood plasma 
and egg albumin solutions.  A  specimen protocol will be detailed. 
Sufficient ~/15 phosphate buffer, pH 6.47, was added to clear rabbit plasma 
to give the mixture ~/50 concentration of this buffer.  Air was bubbled  through 
for 30 minutes to remove CO~. and then for another half hour a mixture of equal 
parts  of air and hydrogen.  The addition of a  small  amount of this plasma,  1 
to 9 cc. of ~/15 buffer solution, pH 6.9, containing  erythrolitmin in the red-violet 
stage,  caused a change in the color to a pure blue. 
To determine  the protein error  of erythrolitmin it was deemed best to make 
up plasma-indicator  mixtures in such a way that their final color would be neither 
blue nor red but violet,  as is erythrolitmin alone in buffer solutions of hydrogen 
ion concentration between pH 6.9 and 7.4.  Within this narrow  range a change 
in color can be noted with each difference of 0.2 pH.  Test solutions were therefore 
made up of a total bulk of 10.3 cc., in each of which was 0.3 cc. of 0.i per cent 
erythrolitmin solution and varying amounts of ~/100 phosphate buffer, pH 5.59, 
and of a mixture in equal parts of buffered plasma, ~/50, and of distilled water 
free  from CO2  (see Table II).  These  mixtures  contained,  respectively,  10 per 
cent,  20 per cent,  40 per cent,  50 per cent,  and 60 per cent of plasma and the 
concentration of buffer in all was the same, a shade less than ~/i00. 
For color comparison  a  series of ~/100 phosphate buffer  solutions,  having a 
pH range from 5.04 to 8.34, was used and to i0 cc. of each, 0.3 cc. of the 0.1  per 
cent erythrolitmin solution  was  added.  Upon adding  erythrolitmin to plasma 
one  encounters  in addition to the protein error,  another error due to the salt 
present  with the protein.  To determine  the share  of this  additional  source of 
error,  "control solutions"  were made up, each containing  in the same concentra- 
tion of phosphate buffer the amount of salt presumably added to the "test solu- 
tions" with the plasma.  This was done by employing Ringer's solution  minus 
its  sodium  carbonate  content,  together  with  the  necessary  amount of  ~/15 
phosphate buffer solution to bring the buffer concentration  of the total mixtures 
to ~/100.  In this  way "control solutions"  were  obtained  which  were  nearly 
like the "test solutions"  except in the respect  that the latter contained  protein. 
In order to find "control solutions" which matched the violet "test solutions," 
it was necessary to make up several series.  For as the amount of plasma in the 784  RELATIVE  REACTION  WITHIN  LIVING  TISSUES.  X 
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"test solutions" was increased a greater and greater color shift toward the blue 
side occurred (see Table II). 
The  actual hydrogen ion concentration of all the solutions was determined 
electrometrically. 
It  was  evident from such findings as  are  ~ven  in the  table that 
the protein error of erythrolitmin is  very large.  When mixtures of 
the indicator are made with plasma or egg albumin, containing salt as 
well, the apparent error is still greater, for both salt and protein cause 
a  change in the color of the indicator in the same direction, that is 
to say toward the alkaline side.  As a  result of this combined error 
a  protein solution which is at about pH 7.0,  that is to say, neutral, 
may  appear  frankly  alkaline  upon  the  addition  of  erythrolitmin, 
that is to say, blue. 
When to  10 cc.  of rabbit's plasma rendered CO2 free and buffered 
as described above with sufficient ~/15 phosphate buffer to give the 
mixture M/50  buffer concentration, 0.3  cc.  of 0.1  per  cent  erythro- 
litmin solution was added, the color of the mixture matched that of 
erythrolitmin  alone  in  phosphate  buffer  M/100  of  pH  8.34.  The 
actual pH  of  the  protein mixture determined  electrometrically was 
pH 7.20 and that of the buffer solution 8.19.  The colorimetric read- 
ing was therefore in error by pH 1.0.  In M/100  buffer solutions the 
color of  erythrolitmin  at  pH  7.2  is  red-violet,  at  8.34  pure  blue. 
It  has been noted  elsewhere  (1,  2,  3)  that  litmus  segregated by 
living cells out of body fluids dyed blue with it is held in the red form. 
This is scarcely what one would expect were the intracellular reaction 
neutral or  slightly alkaline for the influence both of protein and of 
salt  would  tend  to  render  the  litmus  blue  under  such  conditions. 
It is a  matter of interest therefore to know the actual hydrogen ion 
concentration of protein  mixtures  rendered just  sufficiently acid  to 
bring the indicator to the red color it assumes in intracellular granules. 
The protocol of one experiment on the point out of a number will 
be given. 
To 3 cc. of buffered plasma, 1 cc. ~/3 KH2PO4 solution (pH about 4,5) was 
added and 0.3 cc. of 0.1 per cent erythrolitmin solution.  The resulting color was 
violet, not red.  To the mixture phosphoric acid ~/15 was added in just suffi- 
cient quantity (0.6 cc.) to bring about a brick red color like that of the erythro- 
litmin-stained granules frequently seen within tissue cells.  The  color of this R.  ELMAN,  D.  R.  DRURY~  AND  P.  D.  McMASTER  787 
mixture matched that of erythrolitmin in ~/15  phosphate buffer of pH  5.91. 
Electrometrically the pH of the plasma solution was found to be 4.$1. 
In connection with such findings it is to be recalled that the con- 
centration error of erythrolitmin is in the opposite direction to that 
of the salt and protein errors,  that is to say, the more concentrated 
the  dye the  more  does  it  tend  to  appear  red.  It  follows that  an 
intracellular granule  containing the  dye in  concentrated form need 
not  have  as  great  an  acidity as  that  prevailing in  the  experiment 
above in order that it shall appear red. 
From the foregoing results taken together it is obvious that in vital 
staining with erythrolitmin, one must content oneself ordinarily with 
the determination of relative differences in pH. 
The Donnan Equilibrium  Has No Effect upon  the Distribution  of the 
Litmus Derivatives. 
A dye taken up by tissue cells becomes  subject to the  forces inci- 
dent to the presence of protein substances.  Our finding, that some 
changes in the color of the dyes result from changes in their concentra- 
tion, made it important to study the influence of hydrogen ion con- 
centration on  the distribution of dye between fluid and  protein,  in 
mixtures of the two.  A  series of solutions were prepared containing 
powdered isoelectric gelatin and varying amounts of acid and alkali. 
"Whole  litmus"  or  erythrolitmin  was  added  to  each.  20  hours 
later the fluid was separated by filtration and the amount of dye in 
it measured colorimetrically.  All  the  solutions were found to  con- 
tain  the  same proportions of the indicator.  The  conditions set  up 
by the Donnan equilibrium did not change the relative distribution 
of the dye at  the various hydrogen ion  concentrations.  From this 
finding it would seem that the probability of an error, caused by con- 
centration changes due to the presence of protein, is slight. 
A series of acid and alkaline mixtures were made up in 0.9 per cent NaCI solu- 
tion, using ~1/1 HCI and N/1  NaOH in proper quantities to give N/5, N/20, N/40, 
N/80, N/160 to N/1280 acid in saline, and N/80, N/160, N/320, N/640, and N/1280 
alkaline in saline.  To 50 cc. of each of these 2 gm. of powdered isoelectric  gelatin 
was added and 1 cc. of a 1 per cent solution of "whole  litmus," just sufficiently 
alkaline to be in the blue state.  The mixtures were each shaken 1 minute, packed 
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for 20 hours.  The litmus solution gave a  red color to the gelatin and a  blue to 
the supernatant liquid of the N/640 and N/1280 acid solutions immediately upon 
its addition to them; but after standing the color of the gelatin and supernatant 
liquid was uniform.  The N/160  and N/320 NaOH solutions seemed to be close 
to  the  neutral point  for  the  indicator, whereas  the  N/80  NaOH  solution was 
alkaline to it, as shown by the distinctly blue color, and the ~/640 NaOtt solu- 
tion acid, appearing red. 
The  supernatant  liquids  were  separated  from  the  gelatin by  rapid  suction 
filtration and  the amount  of dye present  in each was  estimated by adding to 
each 0.6 cc. of 40 per cent NaOH to convert the color to a strong blue to be read 
in a  Duboscq colorimeter against a  standard.  For the latter purpose there was 
employed a  solution containing 1 cc.  of 1 per cent "whole litmus" to 50  cc.  of 
saline with 0.6 cc.  of 40  per cent NaOH.  It will be seen that  the amount  of 
indicator equalled the total added to each of the gelatin mixtures. 
The  distribution of litmus was as follows: 
Acid. 
In  supematant 
liquid 
~/80 
percent 
54 
N/t60 
~Of  Cenl~ 
53 
~/32o 
per cenl 
52 
~/640 
47 
t¢/1280 
49 
Alkaline. 
n  supematant 
liquid 
N/1280 
~r C  ~t 
49 
~/64o 
$6 
N/320 
~r ~nt 
52 
I  N/160 
~rc~t 
61 
N/80 
per ~  ent 
58 
The concentration of chloride ion in the supernatant liquids was found to be 
about the same in all.  There was proportionately a  little more in the gelatin. 
The determinations were made by adding an excess of silver nitrate to the solu- 
tions and  titrating the amount  of the excess with potassium thiocyanate, with 
iron alum as the indicator. 
The  behavior  of  erythrolitmin, studied  in  the  same  way,  was  found  to  be 
completely analogous to that  of "whole litmus." 
Indi.ator Properties of Erythrolitmin as Shown by the Spectrophotometer. 
The  property  of certain  dyes which enables them  to  serve  as indi- 
cators is their ability to absorb different proportions of light in a  given 
part  of the  spectrum  at  different hydrogen  ion concentrations.  The R.  ELMAN~ D.  R.  DRURY~ AND  P.  D.  McMASTER  789 
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TExT-FIG.  I. The absorption of light by 0.01  per cent solutions of erythro- 
litmln, in buffers, at various hydrogen ion concentrations.  The amount of light 
transmitted by the solutions is plotted along the ordinate, and along the abscissa, 
in  ~ngstr5m  units,  light  wave-lengths.  Each  curve  records  the  variations  in 
light absorption, in various regions of the spectrum, by a single solution of erythro- 
litmin  at  a  definite pH.  The regions of the spectrum  at which readings were 
made are designated on the chart.  Within the blue region of the spectrum, the 
more alkaline the solution, the more blue is transmitted.  On the red side d  the 
spectrum, the more acid the solution, the more red comes  through. 790  RELATIVE  REACTION WITHIN LIVING  TISSUES.  X 
phenomenon  can  be  readily  measured  with  the  spectrophotometer 
when  the  instrument  has  been  set  to  permit  the  passage of light  of 
known  wave-lengths,  while  allowing light  of but  one wave-length to 
pass  at  any given time.  Studies  of various dyes have been made in 
this way, and Brode (18)  has recently applied the method to synthetic 
indicator  substances,  phenol  red,  brom  cresol  blue,  and  others. 
A  study  of  erythrolitmin  and  azolitmin  with  the  spectrophotom- 
eter  is  of  value  in  that  it  shows  graphically  the  manner  in  which 
the  substances  act  as  indicators.  It  has  proved  furthermore  that 
they  are pure indicators,  on a  par in  this  respect with  the  synthetic 
dyes examined by Brode. 
Four series  of S6rensen~s phosphate buffer solutions (16) were prepared, each 
containing 0.02 cc. of 5 per cent azolitmin or erythrolitmin to every 10 cc.  As 
a  control solution uncolored buffer was  employed.  Both  were placed in glass 
cells 10 cm. long.  The amount of light absorbed at certain arbitrary points on 
the spectrum was measured for each solution  and  a  series of curves prepared. 
Those for erythrolitmin are shown in Text-fig. 1. 
The instrument used was of the type first designated by K6nig (19), modified 
by  Martens  (20),  and  made  by Franz  Schmidt  and  Haensch  (Berlin).  The 
apparatus is briefly described  by Sheppard  (21).  A  more  detailed description 
can be found in the paper by Martens and Grttnbaum (22), and by Grtinbaura (23). 
Briefly,  the instrument provides for the passage of 2 equal beams of light from 
a single  source,  which  pass through the solutions to be studied,  then through 2 
adjustable slits and a collimating lens and are finally refracted by a single flint 
prism.  The  emerging  beams  pass  into  the  movable  arm  of  the  instrument 
which,  by a  graduated screw,  can be placed at any angle thus  admitting the 
light from any desired portion of the spectrum.  Here the 2 refracted beams are 
polarized by a Wollaston calcite prism, passed through a biprism and brought to 
a  focus  by a  telescope lens. 
At the eyepiece 2 images, 1 from each slit, are seen polarized at right angles 
to each other.  By rotating the crossed Nicol prism placed in the eyepiece the 
intensity  of the  light  in  each half of the field  is  reciprocally altered.  Before 
making any observations the instrument is so adjusted that a movement of the 
Nicol prism to 45  ° from the zero point illuminates the 2 fields  equally.  This 
was also found to be the case, as it should be, at a rotation of 135  °, 225 °, and 
315  °  . 
S  Sin  S a 
Calculation:  C-  Costa  Where S  =  light  transmitted  through  solution 
containing the dye. 
S  = tan2 a  C  =  light through the control solution. 
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The amount of light transmitted  through the colored solution  will vary from 
0, when all light is absorbed, to 1, when none is absorbed, that is to say, when 
the same amount of light comes through  on the 2 sides.  The light used was a 
Nernst  filament set in  series with  a  resistance coil.  The readings of angular 
deviation were converted  to AngstrSm units, by calibrating the instrument  with 
known spectral lines and  interpolating between. 
The accompanying figure represents the findings for erythrolitmin. 
Azolitmin  gave  practically  the  same  curves.  The  amount  of light 
transmitted  by  the  solutions  is  plotted  along  the  ordinate  and  is 
simply the  reading  of tan  ~ a,  subtracted  from  1,  since  tan  ~ a  repre- 
sents percentage  of absorption.  Along the  abscissa are  plotted  the 
wave-lengths which correspond to the different parts of the spectrum 
in which the readings  are made.  Each curve records the variations 
in absorption of a  solution of given pH and it is seen that  they fall 
into a  regular order with relation  to each other. 
It is of great significance that the curves of light absorption in solu- 
tions of different pH all cross at a single point, for this is characteristic 
of pure  indicator  dyes  (18).  In  this  case  the point lies at a  wave- 
length  of  5250  Angstr6m  units,  which  corresponds  to  a  blue-green. 
Regardless of pH the proportion of light  transmitted  at this point is 
the same,  58 per cent.  On the blue side of the spectrum,  the more 
alkaline the solution, the more blue comes through.  On the red side 
of  the  spectrum,  the  more  acid  the  solution,  the  more  red  comes 
through. 
The Relative Worth of the Litmus Dyes as Vital Stains. 
Rous has  recently  used  litmus  as  a  vital  stain  in  rats  and  mice 
(1, 2, 3).  For weeks after intraperitoneal injection the tissues of these 
animals are still colored with it and it has retained its indicator proper- 
ties.  There  are  numerous  differences  to  be  seen  which  are  pre- 
sumably  indicative  of  local  differences  in  the  reaction.  We  have 
made an effort in the course of the present work to throw more light 
on some of the phenomena observed after injection of litmus by com- 
paring  with  them the  effects of injection  of the  constituent  coloring 
matters. 
The litmus used by Rous (1)  contained at least  the three  coloring matters, 
erythrolitmin,  azolitmin,  and  erythrolein.  A  priori  it  would  seem  that  the 792  RELATIVE REACTION WITHIN LIVING  TISSUES.  X 
heterogeneity of litmus might be disregarded when it is employed as a vital stain 
because of the circumstance recognized  by others before us (15) that one of the 
constituents,  erythrolitmin, makes up 90  per cent  or more of  the  whole dye. 
But many authors have considered  azolitmin the active principle of litmus, and 
conceivably this may have been true of the preparations with which they worked. 
Our  material  (Kahlbaum's litmus)  which  was  the  same  that  Rous  employed 
yielded over 90 per cent of erythrolitmin,  as already stated.  Both azolitmin and 
erythrolitmin are indicators in vitro with  practically the  same virage and  ab- 
sorption bands, as we have pointed out, but the latter is a more intense dye and, 
as will be shown below, is more suitable for experiments in vivo.  The third dye 
constituent of litmus, erythrolein, is a poor indicator for tissue study since  the 
color change is merely from red to red-orange. 
Procedure. 
"Whole litmus," erythrolitmin, azolitmin, and erythrolein were separated ont 
of litmus purified as already described,  and injected into the peritoneal cavity of 
rats and mice.  The individual dyes like the "whole litmus" were made up in 2 
and 5 per cent solutions in 0.9 per cent sodium chloride solution.  Sterilization 
was effected by heating test-tubes partly filled with the solutions in boiling water 
for 30 to 60 minutes. 
The dyes were given with aseptic precautions.  Graded doses were administered 
to many series of animals and special note was made of the rapidity and depth of 
the tissue staining which ensued.  Special  cages were employed for the collec- 
tion  of total urine.  At various intervals,  from half an hour to  10  days after 
the injections,  the animals were put lightly under ether and guillotined.  Autopsy 
was done at once, and the tissues examined.  Fresh sections of the kidney, and 
frequently of other organs,  made with  the Valentine knife, were studied,  and 
frozen sections were examined later.  The kidney findings  will form the subject 
of a succeeding  communication.  Staining of the tissues was best accomplished 
by injecting the dyes twice at an interval of 48 hours, killing the animal 2 days 
after the last injection. 
Experimental Findings. 
Erythrolein.--No  generalized  staining  followed  the  administration 
of this dye.  Nearly all of it was soon secreted into  the urine which 
assumed  in  consequence  an  intense  red  color  that  failed  to  change 
notably  on  the  addition  of  alkali.  Moreover,  erythrolein  proved 
strongly toxic, causing death in doses of ½ mg. per gm. of body weight. 
Azolitmin.--The 5 per cent solution of azolitmin in water or physio- 
logical  saline proved to  be thick  and  viscid.  The  indicator  was ab- 
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found there after 24 hours or more.  As a  consequence animals were 
not well colored after the injection of ¼ rag. of the dye per gin. of 
body weight.  To obtain satisfactory staining as much as ½ rag. per 
gin.  of  animal was  necessary,  an  amount which proved toxic  and 
usually lethal. 
Even  the  largest  non-toxic dose  stained  the  kidney but  poorly. 
On  the  day following a  single injection the glomeruli appeared in- 
tensely blue from the presence of the dye in the capillary tufts, and 
blue streaks in the kidney cortex represented the blood vessels in the 
midst of the pale,  unstained parenchyma.  The general staining of 
other organs was slight, but became definite after a  second admini- 
stration  of  the  dye.  When  examination  was  made  2  days  there- 
after, the kidney contained much of the indicator as compared with 
the amount elsewhere.  It was present in the tubule cells for the most 
part as large red granules though some cells contained blue ones. 
Erythrolitmin.--Erythrolitmin  has  proved  far  superior  to  azolit- 
rain or "whole litmus" as a vital stain.  In vitro it exhibits a greater 
color intensity than  azolitmin,  as  already  demonstrated,  and when 
injected into animals it is much less toxic, doses of ½ mg. per gin. of 
body weight being well borne.  A generalized blue staining with the 
dissolved dye is  caused by  but ¼ rag.  of erythrolitmin per  gin.  of 
animal.  The injection of this amount causes a pronounced transient 
bluing of the body.  The dye is employed to advantage in 2 per cent 
solution. 
Within an hour after the injection of erythrolitmin into rats and 
mice blue areas appeared on the pads of the feet and in the ears of 
the injected animals,  and within 2  to  3  hours the entire body was 
colored  blue.  After  24  hours  little  of  the  indicator  could  be  re- 
covered from the peritoneal cavity, practically all having been  ab- 
sorbed.  At this time the animals were diffusely colored and the dye 
could be  found in  almost  every  tissue.  Later  much of it  became 
segregated in  granular  form within  cells.  It  is  unnecessary to  go 
into the findings in detail since they are identical with those recorded 
by Rous  (1,  2,  3)  for rats  and mice injected with  "whole litmus." 
After repeated doses the staining became intense and at autopsy most 
of  the  tissues  appeared  highly  colored,  the  kidneys  in  particular 
containing large  amounts  of  the  dye.  Within  the  tubule  cells  in 794  RELATIVE  1ZEACTION  WITHIN  LIVING  TISSUES.  X 
certain regions were granules stained a  brilliant  red, while in  others 
they were blue, as observed by Rous  (1). 
The urine voided shortly after the injection was usually red, but, 
unlike the red urine found after injections with erythrolein, turned 
blue  upon  the  addition  of  alkali.  But  soon  excretion of  the  dye 
ceased, the urine becoming colorless and remaining so. 
"Whole Litmus."--In the course of experiments, to be described in 
a  later  paper,  numerous rats  and  mice  were injected with  "whole 
litmus" and examined after various intervals of time.  The material 
proved toxic as compared with erythrolitmin and the staining of the 
tissues effected by it was less intense.  The toxic effects would seem 
from our findings to have been due in considerable part to substances 
other  than  the  indicator  dyes.  The  various  batches  of  "whole 
litmus," prepared by the same method, differed greatly in toxicity. 
Doses of ½ mg. per gin. of body weight of animal were often tolerated 
well, but at other times proved fatal.  The specimens varied much 
in color intensity as well.  Some contained much erythrolein, others 
little,  and differences in the content of azolitmin and erythrolitmin 
were also found.  The first urine collected after injection with "whole 
litmus" was red, often intensely so, but the addition of alkali caused 
no  change to  blue.  From the characters of erythrolein, above de- 
scribed, one may conclude that the red color of the urine was due to 
the excretion of the erythrolein portion of the "whole litmus."  Some 
part of the relative toxicity of the latter may also be ascribed to its 
content of this pigment. 
DISCUSSION. 
Caution must be  exercised in  the interpretation of findings with 
erythrolitmin and  azolitmin when used  as  vital  stains,  despite  the 
fact that  the light  absorption  phenomena of these dyes, when pre- 
pared  as described above,  place them on  a  par  as  concerns purity 
with synthetic indicators such as phenol red (18).  Both  of the dyes 
are colloidal and they tend to become segregated within  the cells in 
granules.  They are dichromatic as well, and because of this may give 
erroneous  information  when  variously  concentrated within  cells. 
The total error from this source and from the presence  of salt and 
protein is smaller, however, than one might expect.  And our experi- R.  ELMAN,  D.  R.  DRURY,  AND  P.  D.  McMASTEI~  795 
ments on the distribution of erythrolitmin and "whole  litmus" be- 
tween a protein and the fluid bathing it, as exemplified by gelatin and 
water,  fail to  demonstrate any important influence of the Donnan 
equilibrium. 
While no  accurate  inferences concerning the  absolute  pH within 
living tissues can be drawn through the use of these dyes, changes in 
the relative reaction can be  followed with ease.  It is with this in 
mind that we have studied the indicators. 
It is evident from our experiments that one may ascribe the tissue 
staining described by Rous (1, 2)  almost wholly to the erythrolitmin 
content of the "whole litmus" that he employed. 
SUMMARY. 
We have devised methods for the separation and isolation of the 
important indicator constituents of litmus,  azolitmin, and  erythro- 
litmin, with a  view to employing them as vital stains.  Analysis of 
the color intensities of these dyes shows slight differences in them, 
azolitmin being the weaker pigment, weight for weight.  Study of a 
third coloring matter, erythrolein, which exists in litmus has shown 
it to be an unsatisfactory indicator, and toxic for animals. 
Analyses with the spectrophotometer of the absorption of light by 
erythrolitmin and  azolitmin, prepared by our methods, and tested 
over a wide acid-alkali range, show them to be pure substances, com- 
parable in this respect with synthetic indicators. 
The errors in the interpretation of the indicator phenomena on vital 
staining, which are incident to  changes in the  concentration of the 
dyes, are so slight as to be negligible.  The salt and protein errors on 
the other hand are large.  The factors  responsible for the Donnan 
equilibrium fail to influence the distribution of the indicators between 
fluid and gelatin. 
Erythrolein was found useless when employed for vital staining, 
and azolitmin proved unsatisfactory since it colors poorly and is toxic. 
But erythrolitmin can be used to great advantage.  It is readily ab- 
sorbed, and in non-toxic doses stains intensely.  The range of pH at 
which it  changes from red to blue fits it for the demonstration of 
changes in the reaction of living tissues.  By reason, however, of the 796  RELATIVE  REACTION WITHIN LIVING TISSUES.  X 
salt and protein errors to which it is liable, the pH cannot be accurately 
ascertained. 
Intravital staining with erythrolitmin yields results similar to those 
following injection of purified "whole litmus." 
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